I
n England and Wales, approximately 4000 new cases of renal cell carcinoma (RCC) are diagnosed each year; of these, one third exhibit metastatic disease at the time of initial presentation, and a third of the rest eventually develop distant metastases. For those presenting with metastatic disease, the median survival is approximately one year. 1 Currently, cytoreductive nephrectomy followed by immunotherapy is advocated as the standard treatment for these patients, provided they have a good performance status. 2 3 Patients with metastatic RCC and a solitary metastasis may also benefit from resection of the metastatic lesion. For patients with localised disease, open radical nephrectomy has been the treatment of choice, although the laparoscopic approach can now be offered in several centres. For small tumours (,4 cm), partial nephrectomy is an alternative option, particularly if the kidney is solitary, there is evidence of renal impairment, or the patient is predisposed to further renal tumours, such as those patients with von Hippel-Lindau disease. Patients subsequently presenting with metastatic disease could be offered immunotherapy; if the metastasis is solitary, the metastatic lesion could also be excised.
There are approximately 12 000 new cases of bladder cancer each year in England and Wales. Over 90% are transitional cell carcinomas (TCCs). Of these, 50% are papillary and confined to the epithelium (Ta); 20% are papillary and invading the lamina propria (T1); 5% are carcinoma in situ (Tis); 25% are solid and invading detrusor muscle (fig 1) . It is the latter which account for the majority of deaths from bladder cancer. Within 24 hours of diagnostic transurethral resection, a single instillation of intravesical chemotherapy (mitomycin C or epirubicin) is administered. This has been shown to increase the recurrence-free interval. 4 5 Patients with high risk superficial TCC are defined as those with Ta/ T1G3 TCC, Tis, and recurrent multifocal Ta/T1 TCC. If managed with transurethral resection alone, up to 60% of patients with Tis will subsequently progress to muscle-invasive or metastatic TCC. 6 The standard treatment for these patients is to also receive an induction course of intravesical bacille Calmette-Guérin (BCG), followed by a maintenance regimen. 7 These patients need regular cystoscopic follow up, under general anaesthetic initially. In contrast, in patients with solitary G1/G2 ''superficial'' TCC, the main risk is tumour recurrence and not tumour progression. Up to 60% to 70% will recur with tumours of a similar stage and grade, which is usually not life threatening. For these patients, cystoscopic follow up only is sufficient; in most cases, flexible cystoscopy can be performed, thereby obviating the need for general anaesthesia. Patients with ''high risk'' superficial bladder cancer who recur with Tis or T1 or G3 TCC despite BCG are particularly vulnerable to progression. They are usually managed in the same way as those with apparently organ-confined muscle-invasive TCC of the bladder. The accepted treatments for the latter are radical cystectomy or radical radiotherapy. Despite this, only 40% of those with muscle-invasive TCC survive five years, because of subclinical metastases at presentation.
In this review, we describe the principles behind immune mediated cytotoxicity of tumours. The evidence base for the use of immunotherapy in the treatment of RCC and TCC of the bladder is discussed.
ANTIGEN PRESENTATION TO THE IMMUNE SYSTEM
Defence against microbes is mediated by the early reactions of innate immunity, and the later responses of adaptive immunity. The defining characteristics of adaptive immunity are specificity and memory. The adaptive immune system responds to intracellular events in target cells by the recognition of protein fragments presented on the cell surface by transmembrane glycoproteins; the latter are called major histocompatibility complex (MHC) molecules. Antigens presented by MHC class I and II are recognised by the immune system. Complexes of MHC class I molecules and peptides derived from intracellular proteins are displayed on the surface of the majority of cells, and are recognised by CD8 positive T lymphocytes. In contrast, peptides presented by MHC class II molecules are derived from exogenous proteins; this complex is recognised by CD4 positive T lymphocytes. MHC class II molecules are mainly expressed on the surface of so-called professional antigen presenting cells, such as dendritic cells, macrophages, and activated B lymphocytes. Dendritic cells can interact with the adaptive immune systems via naïve CD4 positive and CD8 positive T cells, and the innate immune system via natural killer (NK) cells and natural killer T (NKT) cells.
Role of effector cells CD4 positive T lymphocytes help to activate antigen presenting cells, and thereby maintain CD8 positive T cell mediated cytotoxicity. In contrast, NK cells are innate effectors, serving as a first line of immune defence. They characteristically lyse MHC mismatched cells, or cells having low levels or a lack of MHC expression. Unlike CD8 positive T cells, they lack peptide antigen specificity. Another type of effector, NKT cells, recognise a limited array of peptide and non-peptide (glycolipid) antigens presented by the non-polymorphic MHC-like molecule, CD1.
Two signal model
It has long been recognised that two signals are necessary for the initial activation of naïve T cells (fig 2) . The two signal model 8 predicts that when an antigen is presented with a MHC molecule [signal 1], together with co-stimulatory molecules such as B7.1 (CD80) and B7.2 (CD86) [signal 2], an immune response will be generated. The second signal will usually happen only if the antigen is presented by a professional antigen presenting cell.
Danger hypothesis
The danger hypothesis focuses on the environment of antigen presentation and not the nature of the antigen; it therefore avoids the self versus non-self distinction. 9 This hypothesis postulates that if an epitope is presented without a danger signal, it induces tolerance to that epitope; in contrast, if presented in the context of danger, it stimulates the immune system.
CANCER AND IMMUNE ESCAPE MECHANISMS
The failure of immune surveillance to prevent tumour development, and the observation that effective therapies can become ineffective over time, suggest that mechanisms exist, whereby tumours can escape the immune system.
Although most tumours produce peptides recognised by immune cells, many do not spontaneously induce a vigorous immune response. In the 1970s, Burnet suggested that the immune system had an important role in surveillance for transformed cells. 10 An extension of this hypothesis is that the immune system selects for a more weakly immunogenic tumour, by clearing the immunogenic tumour cells. This may drive tumour cells towards a more malignant phenotype. 12 However, NK cells would still have the potential ability to kill cells that express low levels of class I MHC antigens. Tumour cells can also overcome this potential for lysis, by expression of just those specific MHC antigens that can engage inhibitory receptors, which prevent NK cell activation. 13 Fas-ligand mediated apoptosis of tumour infiltrating lymphocytes Expression of fas-ligand on tumour cells could mediate apoptosis of infiltrating lymphocytes by tumour cells. Indeed, both soluble and membrane-bound fas-ligand expression has been demonstrated in tumours. In vitro studies have demonstrated fas-ligand mediated apoptosis of T cells in bladder cancer. 14 
Secretion of immunosuppressive cytokines
This proposed method for tumour immune evasion is a nonspecific strategy, with broad consequences for the local immune system. Implicated secretory factors are transforming growth factor-beta, interleukin (IL)-10 and prostaglandin E 2 , which defend the tumour against tumour specific cytotoxic immune cells, and have been termed the tumour ''firewall''. 15 
CANCER IMMUNOTHERAPY
The fundamental assumption behind tumour immunotherapy is that under the appropriate conditions, malignant cells can be recognised as targets by the immune system. Immunotherapy can be active or passive.
Active immunotherapy
This is aimed at augmenting the weak host immune response to the tumours; strategies include use of cytokines and costimulators, tumour vaccines, and non-specific stimulation mediated by local administration of danger signals.
Passive immunotherapy
This includes the transfer of cultured immune effectors (termed adoptive immunotherapy) or antibodies with antitumour reactivity into patients. It is rapid, but does not lead to long lived immunity. Strategies of adoptive therapy include transfer of autologous lymphokine-activated killer cells and tumour-infiltrating lymphocytes expanded ex vivo.
Immunotherapateutic strategies in RCC and bladder cancer illustrate many of these principles.
IMMUNOTHERAPY IN METASTATIC RENAL CELL CARCINOMA
RCC is relatively resistant to radiotherapy, hormonal therapy, and chemotherapy. In a review of 30 chemotherapeutic agents tested in patients with advanced RCC between 1983 and 1993, the overall objective response rate was less than 9%. 16 To date, no agent has been found to produce results that would justify its use as a single agent; metastatic RCC remains resistant to combination chemotherapy. It is possible that the relative chemoresistance of RCC is attributable to overexpression of the MDR-1 glycoprotein. 17 
Active immunotherapy

Cytokine immunotherapy
Interferon-alfa
Systemic cytokine immunotherapy for metastatic RCC began with the use of interferon-alfa (IFN-a) in the early 1980s. IFN-a is a glycoprotein with antiviral and antitumour properties. Its mode of action in RCC is poorly understood, but it is probably a combination of stimulation of cell mediated cytotoxicity, direct antiproliferative activity, and an antiangiogenic effect. IFN-a also upregulates MHC class I antigen on tumour cells. A review of 1306 patients with metastatic RCC treated with a variety of IFN-a monotherapy regimens in phase I or II trials indicated an overall response rate of 13% and a complete response rate of 1.8%. 18 The median duration of response was 6-10 months; these responses generally occurred in patients with pulmonary metastases.
Randomised clinical trials have compared IFN-a with other monotherapeutic approaches in metastatic RCC. In a pivotal multicentre randomised trial conducted by the Medical Research Council, patients with evaluable metastatic RCC and World Health Organisation performance status of 0 (no restriction) to 2 (ambulatory), were randomised to receive either subcutaneous IFN-a (10 MIU) three times a week for 12 weeks, or oral medroxyprogesterone (300 mg) daily for the same duration. 19 No limit on disease burden was enforced. Those receiving IFN-a had a 28% reduction in the risk of death (p = 0.017). Their median survival was 8.5 months compared with 6 months in those who received medroxyprogesterone.
Interleukin-2
IL-2, a polypeptide lymphokine, was first described in 1976. The main secretory source is the T-helper cell. It is the principal stimulator of T cell growth; if antitumour T cells and NKT cells are present, they could be activated. Following encouraging in vitro and in vivo studies, clinical trials started in patients with metastatic RCC in 1984. A subsequent review of clinical results in 1714 patients with metastatic RCC treated with IL-2 monotherapy indicated an overall objective response rate of 15%. 18 The optimal IL-2 regimen is not known. The most durable responses have been reported for high dose bolus intravenous IL-2 regimens. In one such series of highly selected patients with metastatic RCC, the complete response rate was 7%, and three quarters of these remained in complete remission for over 40 months. 20 However, high dose bolus IL-2 monotherapy is associated with a dose dependent toxicity; it requires hospitalisation and often inotropic support. The toxicity is believed to result from increased capillary permeability leading primarily to fluid retention and hypotension. Patients may also suffer from renal, hepatic, and haematological side effects.
High dose continuous infusion intravenous IL-2 has not been directly compared with intravenous bolus therapy. However, the need for intensive care support seems to be less, without an apparent reduction in durability of remission. 21 An ongoing randomised trial organised by the National Cancer Institute is comparing high dose intravenous bolus IL-2 with low dose intravenous bolus IL-2 or subcutaneous IL-2 in patients with measurable metastatic RCC. 22 Initial overall response rates were 16%, 4%, and 11% respectively. Longer term data are awaited.
Interferon-gamma
In a phase III randomised trial conducted by the Canadian Urologic Group, interferon-gamma (IFN-c) had no value in the treatment of metastatic RCC. 23 More than half had two or more metastatic sites, and two thirds had excellent performance status (Karnofsky scores of 90% or 100%). Response rates to IFN-c and placebo were 4% and 6% respectively, and there was no significant difference in survival. N Debulking nephrectomy before IFN-a improves survival compared with IFN-a alone in patients with pulmonary metastases and good performance status.
Interferon-alpha/interleukin-2 combinations
In vivo observations indicated possible synergistic antitumour activity of IL-2 and IFN-a. 24 This led to clinical studies examining their combined use. A review of 1411 patients with metastatic RCC receiving a combination of IL-2 and IFN-a in phase I and II trials indicated an overall objective response rate of 20% and a complete response rate of 4%. 18 In a phase III multicentre randomised trial, 425 patients with metastatic RCC were treated with a continuous intravenous infusion of IL-2, or subcutaneous injections of IFN-a, or a combination of IL-2 and IFN-a; the overall response rates were 6.5%, 7.5%, and 18.6% (p = 0.01) respectively. 25 However, the higher response rate achieved with the combination did not translate into improved survival, and toxic effects were more common in patients receiving IFN-a. Patients who required palliative nephrectomy were invited to enter the trial only after they had undergone the operation.
Cytokine/5-fluorouracil combinations
The rationale for this combination is that chemotherapy may enhance immunogenicity by causing cellular damage and release of tumour cell antigens. These are processed by IFN-a stimulated antigen presenting cells which, in turn, activate IL-2 stimulated cellular effectors. In RCC, Atzpodien et al first showed that increased response rates could be achieved in an outpatient setting by combining subcutaneous injections of IL-2 and IFN-a with intravenous 5-fluorouracil. 26 In this regimen, patients with metastatic RCC received IFN-a (6-9 MU/m 2 once to three times a week) for eight weeks, combined sequentially with IL-2 (5-20 MU/m 2 three times a week) for the first four weeks and 5-fluorouracil (750 mg/m 2 weekly) for the second four weeks. In another study, the same group randomised 78 patients with metastatic RCC who had undergone radical nephrectomy to receive either a similar regimen or oral tamoxifen in an outpatient setting. 27 This required selection of patients with good or excellent performance status (Karnofsky performance status .80%); patients with brain metastases were excluded. The response rate for chemoimmunotherapy was 39%; no objective responses were seen in the tamoxifen treated patients. The median overall survival in patients treated with chemoimmunotherapy was 24 months compared with 13 months in those treated with tamoxifen (p = 0.03). However, other centres have not been able to reproduce these results. In a review of 433 patients with metastatic RCC receiving various schedules of these three agents, an overall response rate of approximately 20% was found. 18 In another randomised phase III multicentre trial, 131 patients with metastatic RCC were treated for eight weeks either with subcutaneous IL-2 and IFN-a or with the combination of IL-2, IFN-a and 5-fluorouracil, the latter delivered by continuous intravenous infusion on days 1-5 for week 1 and 5. 28 Patients with brain metastases were again excluded. Response rates were low, and the cytokine/5-fluorouracil combination showed no added benefit. However, the dose of IL-2 was lower than that used by Atzpodein's group. Clearly, current data are conflicting, and additional randomised studies are needed to resolve this issue.
Cytokine/vinblastine combinations
Given that prior experience with vinblastine had shown low activity in RCC, it could be considered that vinblastine is little more than placebo. In a study of 160 patients with locally advanced or metastatic RCC, a regimen combining subcutaneous IFN-a with intravenous vinblastine was compared with vinblastine alone. 29 Patients were required to be younger than 75 years of age, have a Karnofsky performance status .50%, and a life expectancy greater than three months. Patients with brain metastases or other malignancies were excluded. Treatment was for 12 months, or until progression of disease. The IFN-a dose was 3 MU three times a week for week 1, and 18 MU three times a week for subsequent weeks. If 18 MU was intolerable, the dose was reduced to 9 MU. The dose of vinblastine in both groups was 0.1 mg/kg every three weeks. Response rates were 16.5% and 2.5% respectively (p = 0.0025), and median survivals were 15.8 and 8.8 months respectively (p = 0.0049).
Cytokine/retinoic acid combinations
A phase III trial was conducted comparing combined 13-cisretinoic acid and IFN-a with IFN-a alone in patients with locally advanced or metastatic RCC. 30 Although the combination arm had a longer duration of response (33 v 22 months, p = 0.03), median survival was comparable. Moreover, quality of life was compromised in the combination arm, especially during the first eight weeks of treatment.
Cytokine/thalidomide combinations
Clear cell renal carcinoma is a hypervascular tumour. As well as modulating the immune system, IFN-a also has antiangiogenic activity. The importance of its angiostatic properties in RCC has however been questioned. 31 Another antiangiogenic agent is thalidomide, which acts to lower the concentration of angiogenic factors such as TNF-a and vascular endothelial growth factor. Oral thalidomide (100 mg nightly until disease progression or toxicity) has been shown to induce a partial response in three of 18 patients with metastatic RCC; a further three patients experienced stabilisation of their disease for up to six months. 32 All patients had a Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 2, and a life expectancy of at least three months. An ongoing phase III trial is the ECOG trial (E2898) which compares IFN-a plus thalidomide versus IFN-a alone in patients with untreated metastatic or unresectable RCC.
Variants of interleukin-2 and interferon
The rationale for developing these variants is to design cytokines with additional pharmacokinetic features, so as to reduce systemic toxicity. Strategies include increasing IL-2 locally within the tumour, increasing IL-2 selectivity for T cells rather than NK cells (which are a putative cause of IL-2 intolerance), or alteration of dosing frequency.
Leuvectin is a product in which a plasmid DNA expression vector coding for the human IL-2 protein is contained in a cationic lipid that promotes DNA transfection. IL-2 production therefore occurs locally within the tumour. Another variant of IL-2 called BAY 50-4798 is in early development. Through targeted mutagenesis, a synthetic form of IL-2 has been developed that has approximately 3000-fold selectivity for T cells compared with NK cells. A variant of IFN-a has also been developed called pegylated interferon. The once-aweek dosing schedule associated with pegylated interferon may provide longer sustained IFN-a levels.
Nephrectomy/cytokine immunotherapy combinations
Before the era of immunotherapy, one year and three year survival rates for patients with metastatic RCC were 26% and 4% respectively. 1 In these circumstances, the natural history was not improved by debulking nephrectomy. 1 33 Despite this, nephrectomy did have an unquestioned role in palliation of symptoms, in patients with a good performance status. 34 It was recommended for patients with bleeding, pain, or hypercalcaemia to provide improvement in their quality of life.
With the advent of modern immunotherapy, the role of nephrectomy has once again been the subject of much debate. The publication of two prospective randomised phase III trials has swung the pendulum in favour of early nephrectomy for patients with a good performance status. 2 3 Both trials compared nephrectomy plus subcutaneous IFN-a group.bmj.com on October 13, 2017 -Published by http://pmj.bmj.com/ Downloaded from with IFN-a alone in patients with metastatic RCC outside the region to be resected. In both trials, patients were excluded if they had received prior treatment with chemotherapy or biological response modifiers. The European Organisation for Research and Treatment of Cancer Genitourinary Group (EORTC-GU) trial 30947 reported a 10 month median overall survival advantage in the combination group compared with the IFN-a alone group (17 v 7 months; p = 0.03). 2 In this study, patients with evidence of brain metastases were excluded. The Southwest Oncology Group (SWOG) trial 8949 noted a three month median overall survival advantage for the combination group (11.1 v 8.1 months; p = 0.02). 3 Patients with only lung metastases benefited more from nephrectomy than those with other metastases (p = 0.008).
Further support for cytoreductive nephrectomy followed by immunotherapy comes from a retrospective analysis of 89 patients with metastatic RCC who met the eligibility criteria for the SWOG study, and who received IL-2 based regimens after nephrectomy. 35 The median survival in these patients was 16 months; one fifth survived five years.
Passive (adoptive) immunotherapy
Lymphokine activated killer cells NK cells can be activated ex vivo by IL-2 to form lymphokineactivated killer cells. One strategy is to expand these cells ex vivo using high dose IL-2, and to then reinfuse them usually in conjunction with IL-2, back into the patient. Following studies demonstrating enhanced in vitro cytotoxicity of RCC cells, clinical trials started. In one phase III trial for patients with metastatic RCC, high dose IL-2 alone was compared with high dose IL-2 in combination with lymphokineactivated killer cells. 36 There was no difference in response rates between the two groups. Consequently, this strategy has largely been abandoned as a treatment for these patients.
Tumour-infiltrating lymphocytes
Another strategy is to harvest the subset of lymphocytes which infiltrate tumour biopsies. The rationale is that they represent clones, which at least target the correct location. These lymphocytes, called tumour-infiltrating lymphocytes can then undergo IL-2 mediated expansion ex vivo. They are then transferred back to the patient. Again, in vitro studies suggested that this subpopulation of CD8 positive lymphocytes was more cytotoxic to RCC than the general population of CD8 positive lymphocytes. On this basis, a multicentre phase III trial was conducted, to compare the antitumour activity of a combination of CD8 positive tumour-infiltrating lymphocytes and low dose IL-2 with IL-2 alone, after radical nephrectomy in patients with metastatic RCC. 37 The combination failed to improve response rates, and one year survival rates were similar.
Future strategies
Tumour vaccines
A variety of approaches are currently undergoing trial in RCC, but none have shown convincing benefit to date. First generation tumour vaccines include autologous cancer cells or lysates harvested from patients, and then returned to them together with non-specific adjuvants. Second generation tumour vaccines employ genetically modified tumour cells, dendritic cells, and recombinant tumour antigens.
The procurement of heat shock protein-tumour antigen vaccines or induction of heat shock protein expression is an exciting prospect. Heat shock proteins are intracellular molecules that act as chaperones for antigens, and may stimulate an immune response. Several tumour specific cytotoxic T lymphocytes and dendritic cells can recognise members of the heat shock protein family. Therefore heat shock protein complexes released by necrotic cells function as endogenous danger signals as well as a method to cross present antigens by dendritic cells. Of interest, in a small study of 43 patients with metastatic RCC, low expression of heat shock protein 70 correlated with early relapse. 38 
Allogeneic stem cell transplant
Allogeneic stem cell transplants have been used for decades in the treatment of haematological malignancies. It was assumed that its main role was to rescue the recipient from myeloablation caused by high dose chemotherapy. However, it is likely that the immune mediated rejection of malignancy by donor T cells in the allograft may be more important. A study of non-myeloablative conditioning medium of fluarabine and cyclophosphamide in 19 patients with metastatic RCC was recently reported. 39 In this trial, 10 patients had regression of metastases; three of these patients achieved complete remissions that lasted more than one year.
IMMUNOTHERAPY IN BLADDER CANCER Intravesical BCG
History
During development of an antituberculous vaccine at the Pasteur Institute in Paris in 1908, Calmette and Guérin observed that a highly virulent strain of bovine tubercle bacillus gradually lost its virulence when repeatedly cultured. As a result, the BCG vaccine was established, which consists of live attenuated Mycobacterium bovis. The use of BCG as a treatment for cancer was first investigated following an important observation by Pearl in 1929; a reduced incidence of malignancy was reported in autopsies of tuberculosis sufferers compared with a control group. 40 Following this, BCG was tested in a number of tumour models including malignant melanoma, adenocarcinoma of the kidney, and head and neck cancers. In 1974, the conditions required to establish an effective antitumour response were formulated; these included an ability to develop an immune response to mycobacteria antigens, adequate number of living bacilli, close contact between BCG and tumour cells, and a small tumour burden. 41 Clearly, instillation of BCG into bladders with superficial cancer was an attractive option. Indeed, histopathological examination of canine bladders after intracavitary BCG showed inflammatory cellular infiltrates. 42 This culminated in the first study using intravesical BCG for the treatment of patients with superficial bladder cancer in 1976. 43 The original paper describes intravesical treatment of nine patients with superficial bladder cancer, and supplemented with intradermal inoculation. Treatments were repeated weekly for six weeks.
BCG and route of administration
An induction schedule of weekly intravesical instillations for six weeks is still continued in current practice. Currently, a further maintenance regimen is recommended as discussed below. In the UK, the intradermal component has been abandoned. In a randomised trial, clinical efficacy after intravesical instillation alone was similar to that after a combination of intravesical instillations plus percutaneous administration in patients, with recurrent superficial bladder cancer. 44 
Mechanism of action
To date, the precise mechanism of action of intravesical BCG remains unknown. The mycobacteria are thought to bind to the bladder wall via the interaction between the bacterial antigen 85 complex and fibronectin. 45 A likely scenario is that exposure to BCG acts as a danger signal activating local dendritic cells. 46 The activated dendritic cells may then migrate to local lymph nodes where peptides of BCG and TCC origin are presented to T lymphocytes. The differentiation of naïve CD4 positive T cells into the T-helper type 1 (Th1) subset is indispensable for successful treatment of superficial bladder cancer with BCG. 47 The activated T lymphocytes then migrate to the urothelium and lyse TCC cells, either directly through the CD8 positive population or indirectly by activating NK cells.
Intravesical therapy and recurrence
Many trials have compared intravesical BCG to chemotherapy. Ultimately, the choice of treatment in patients will depend upon the patient's risk of recurrence and progression. In papillary tumours at low risk of recurrence, intravesical BCG and mitomycin C are equivalent. 48 Since BCG has a greater risk of toxicity, intravesical chemotherapy is favoured in these patients. In those with recurrent multifocal Ta/T1 TCC without Tis, BCG is superior to mitomycin C 49 in preventing recurrence. Sequential mitomycin C and BCG has also been assessed, but does not have more efficacy than mitomycin C alone. 50 With regard to the treatment of Tis, BCG is the recommended option; in a meta-analysis, the complete response to BCG (70%) is superior to that of mitomycin C (40%). 51 In patients with Tis and others at high risk of recurrence, the SWOG introduced a three year maintenance intravesical and percutaneous BCG regimen comprising a total of 27 instillations. They showed that this regimen was superior to a standard induction course, in terms of recurrence-free survival. 52 However, there was no increase in overall survival, and only 16% of patients completed the regimen.
Intravesical therapy and progression
A meta-analysis comprising over 2500 patients showed that intravesical chemotherapy increases the recurrence-free interval when compared with transurethral resection alone, but it did not affect the time to progression to muscleinvasive disease. 53 Until recently, controversy existed whether BCG could delay or prevent progression. There is no single randomised controlled trial with unequivocal proof that BCG prevents tumour progression, but individual studies have had only limited power. Certainly, in retrospective studies of patients at high risk of progression, the medium term results following a single induction course of BCG are disappointing. Indeed, in patients with Tis concomitant with T1 TCC, only 38% of complete responders were alive with bladder intact at five years. 54 A recent pivotal meta-analysis of 24 randomised trials carried out by the EORTC has shown that maintenance BCG but not a single induction course of BCG prevents or delays progression. 7 A 37% reduction in the odds of progression was observed for the 20 trials in which a maintenance BCG regimen was given (p = 0.00004).
Optimal BCG regimen
Clearly, a maintenance schedule of BCG is needed for optimal efficacy, but the precise regimen to achieve this remains unknown. Many different schedules have been employed, ranging from a total of 10 instillations given during 18 weeks to 30 instillations given over three years. Both the EORTC and the SWOG have given 27 instillations over three years in their trials.
Optimal dose of BCG
The optimal dose remains unknown. A number of trials have compared the efficacy and toxicity of reduced doses of BCG with full doses. One of the larger studies, compared one third dose with full dose BCG. 55 In the reduced dose schedule, efficacy was not compromised, fewer patients reported toxicity, but the incidence of severe systemic toxicity was not reduced.
Optimal strain of BCG
Although differences may exist between strains, there is currently no evidence to suggest that they differ in clinical efficacy. In the BCG progression meta-analysis, five different strains were included: Tice, Connaught, Pasteur, RIVM, and A Frappier. 7 Their ability to prevent progression was similar.
Optimal time point for assessment of response to BCG Recent data suggest that evaluating response to intravesical BCG is best assessed at six months, whether or not additional maintenance instillations are administered. 56 The purpose of the three month check cystoscopy is to exclude early progression to muscle-invasive TCC. Further support for this concept can be found in the SWOG maintenance trial; 60% of patients with residual Tis at three months' follow up were disease-free after 6 + 3 instillations of BCG. 52 
BCG toxicity
Low grade fever (,38.5˚C) and cystitis are common side effects of BCG, and usually subside within 48 hours. Allergic reactions to BCG are uncommon (,1% of cases); they include arthritis and skin rashes. Haematogenous spread of BCG is responsible for systemic complications. The most serious complication is generalised ''BCGitis'' which requires urgent treatment with four agent antituberculous therapy. These patients usually have a high fever (.38.5˚C) with impaired haemodynamic status. Systemic complications are rare provided certain precautions are followed. Intravesical BCG should not be given within 14 days of transurethral resection if there is an active urinary tract infection, frank haematuria, traumatic catheterisation, or immunodeficiency. Co-administration of prophylactic isoniazid does not reduce toxicity. 57 
Mycobacterial cell wall extract
Mycobacterial cell wall extracts have been investigated as an alternative to BCG; the potential advantage is that administration of a live attenuated organism is avoided, and therefore toxicity could be minimised. Early results in patients with Tis have confirmed that toxicity is less following instillation of mycobacterial cell wall extracts compared with live BCG, but efficacy is also less. 58 
Recombinant BCG
In a small study, combining intravesical low dose BCG plus IFN-a appeared to be effective in many cases of high risk superficial TCC previously deemed to be BCG refractory. 59 BCG which has been genetically engineered to secrete recombinant human IFN-a has demonstrated enhanced immunogenicity compared with BCG. 60 
CONCLUSIONS
The use of biological therapies has an established role in the treatment of metastatic RCC and ''high risk'' superficial
